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 Results Introduction  Invasive exotic species can have a significant impact on the structure, function, 
and diversity of ecological communities. Sahara mustard (Brassica tournefortii) 
is one of the top exotic invasive species spreading through the southwestern 
deserts of North America. In arid environments, it is well documented that 
species abundance is sensitive to rainfall (Beatly 1974, Ernest et al. 2000). In 
the Mojave Desert, winter precipitation can trigger massive germination events 
(Beatly 1974). As a winter annual, Sahara mustard may have a positive 
response to winter precipitation by germinating, growing, and reproducing before 
native annuals, monopolizing soil moisture and nutrients, and potentially 
changing native plant community structure and ecosystem processes.   
 
To better understand Sahara mustard’s ecology in Mojave Desert habitats, we 
conducted a field experiment to document the effects of water additions and soil 
disturbance on Sahara mustard density and native plant assemblage. In 
addition, we performed a soil seed bank study to compare above ground plant 
community and soil seed bank composition of study sites. Our experimental 
treatments were designed to provide favorable conditions for seedling 
emergence; therefore, we expected to record a greater emergence number in 
treated than control plots.  
  
  
Study Area 
We conducted the study in Lake Mead National Recreation Area (LMNRA, Fig. 
1). LMNRA is located in eastern Clark County, Nevada, and Mohave County, 
Arizona, USA,  within an area > 1.5 million ha in the Mojave Desert.  At LMNRA, 
predominant plant communities include creosote-bursage desert shrublands.    
Discussion 
Invasive exotic species are a leading threat to native species and 
ecosystems (Mack et al. 2000). Understanding basic ecological 
patterns of invasive species seedling emergence, growth, and 
reproduction can guide invasive species management. It is well 
established that Mojave Desert winter annuals respond positively to 
winter rains (Beatley 1974). As a result, we expected to document a 
high Sahara mustard seedling emergence in water-treated plots. Our 
experimental manipulations were not statistically significant (Fig. 
3A), suggesting that other factors may be important in Sahara 
mustard seedling emergence at our study sites. For example, 
differences in soil types across the 5 study sites may have 
influenced seedling emergence. The highest Sahara mustard 
density was observed at the Govt. Wash site, and this site has sandy 
soils (Fig. 3B) which may be conducive to the accumulation and 
persistence of Sahara mustard seed in the soil seed bank. However, 
our seed bank assay suggested that Sahara mustard seed density 
was low across study sites (Table 1), but we collected soil samples 
from open spaces only. Microhabitat type (e.g., under shrubs) 
influences seed bank density (Nelson and Chew 1977, Brooks 
1999). It is also possible that the emergence method did not meet 
emergence requirements for some seeds. Other plant species 
responded to the water treatment (Fig. 4A), and density of native 
annuals was high in study sites where the top soil layer was covered 
by small rocks (Fig. 4B). Species diversity varied among study sites, 
and in sites with high species richness, Sahara mustard density was 
low.   
Conclusion 
• Sahara mustard seedling density did not significantly respond to 
experimental treatments. 
• Water additions did not increase germination of Sahara mustard. 
• Soil type, microhabitat, and soil seed bank density may influence 
Sahara mustard density and spatial distribution. 
• Sahara mustard density was high in study sites with sandy soils. 
• Sites with low Sahara mustard density had a relatively intact 
native plant  community. 
• Longer studies are needed to understand the mechanisms 
underlying  invasibility patterns. 
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Methods 
Based on Sahara mustard infestation history at LMNRA (Carrie Norman, Weed Manager, LMNRA), we selected 5 sites within 
LMNRA (Fig.1). Sites included large washes, desert pavement, and disturbed areas (e.g., road sides). We applied treatments 
factorially in a randomized complete block design, consisting of two watering (present or absent) and disturbance (present or 
absent) levels, with study sites serving as blocks. We added 7 liters/plot of water in late October 2007 through January 2008 
every two weeks (84 liters/plot of total water applied, Fig. 2A). We applied the soil disturbance once by dragging a metal rake 
over the top 5 cm of soil surface. We collected 60 soil samples from immediately outside experimental plots for a soil seed 
bank study. Soil samples were set up in a temperature-controlled greenhouse and seedling emergence was monitored for 6 
months (Fig. 2B). We collected plant density data by counting each seedling on 12 1-m2  sub-plots and used the average of 3 
sub-plots for each treatment combination for analysis. We used toothpicks to mark and follow Sahara mustard seedling 
emergence (Fig. 2C). We used analysis of variance to explore treatment effects.   
FIG.2. A) water treatment being applied B) greenhouse set up for soil seed bank study and C) counting Sahara mustard seedlings using a 1-m2 frame.  
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Table 1. Above ground plant composition (field density per 1 m 2  ) and soil seed bank (seeds/m 2  
for  a 0-5cm depth) structure at the study sites.  
FIG. 1. Location of study sites. 
Three sites (Box Car, Govt 
Wash, and Six Mile) were 
located in Nevada, and two 
(Jumbo1 and Jumbo2) on the 
Arizona side of Lake Mead 
National Recreation Area. 
  Box Car Govt. Wash  Six Mile      Jumbo 1   Jumbo 2 
                                                   
Species 
Field Seed Field Seed Field Seed Field Seed Field Seed 
bank bank bank bank bank 
          
Amaranthus spp. 0 0 0 0 0 417 0 0 0 0 
Ambrosia dumosa 0 0 2 0 0 0 0 0 0 0 
Amsinckia tessellata 0 0 0 0 10 0 6 0 0 0 
Antirrhinum filipes 0 0 0 0 5 139 1 0 0 0 
Astragalus spp. 0 0 0 0 19 0 1 0 0 0 
Atrichoseris platyphylla 0 0 3 0 0 0 0 0 0 0 
Brassica tournefortii 21 0 569 0 46 139 19 0 19 0 
Camissonia spp. 15 0 10 0 3394 0 320 0 5 0 
Chaenactis carphoclinia 27 0 0 0 1414 694 81 0 13 0 
Chaenactis fremontii 4 0 0 0 0 0 0 0 0 0 
Chamaesyce albomarginata 0 0 0 0 10 0 11 0 19 0 
Chorizanthe brevicornu 0 0 0 0 0 417 168 0 35 0 
Chorizanthe rigida 48 0 1 0 38 0 0 0 29 0 
Cryptantha spp. 240 139 330 278 2703 2083 2272 278 458 139 
Draba cuneifolia 0 0 0 0 7 972 144 694 343 0 
Eriogonum spp. 0 0 2 0 0 0 17 0 9 0 
Eriophyllum spp. 0 0 0 0 2399 0 279 0 112 0 
Eriophyllum lanosum 0 0 0 0 0 0 0 555 0 0 
Erodium cicutarium 0 0 0 0 939 1944 274 277 0 0 
Eschscholzia glyptosperma 0 0 2 0 484 556 14 0 0 0 
Eschscholzia minutiflora 0 0 0 0 0 139 0 0 0 0 
Gilia filiformis 0 0 0 0 0 0 366 0 0 0 
Guillenia lasiophylla 2 0 20 0 0 0 1 0 0 0 
Langloisia setosissima 29 0 36 0 0 0 30 0 0 0 
Lepidium lasiocarpum 3 0 5 0 13 417 50 139 60 0 
Linanthus bigelovii 7 0 0 0 8 0 1057 694 358 0 
Lupinus spp. 0 0 0 0 98 0 24 138 49 0 
Malacothrix glabrata 0 0 0 0 80 417 32 0 0 0 
Mentzelia spp. 2 0 0 0 22 0 8 0 5 0 
Mimulus spp. 0 0 0 0 0 0 2 0 0 0 
Monoptilon bellioides 0 0 0 0 0 0 0 0 2 0 
Nama demissum 0 0 0 0 25 0 0 0 0 0 
Nemacladus glanduliferus 0 0 0 0 0 0 41 139 5 0 
Oxalis spp. 0 0 0 0 0 0 0 139 0 0 
Pectocarya spp. 46 0 1080 833 266 0 439 0 374 0 
Phacelia distans 0 0 7 0 0 0 12 0 0 0 
Plantago ovata 242 139 146 0 1 0 305 417 8478 5278 
Rafinesquia neomexicana 0 0 0 0 3 139 5 0 1 0 
Salvia columbariae 0 0 0 0 0 0 28 0 0 0 
Schismus spp. 4594 20000 8409 20000 2758 16944 3450 18611 5114 10417 
Stephanomeria exigua 1 0 0 0 0 0 0 0 0 0 
Streptanthella longirostris 13 0 0 0 0 0 0 0 0 0 
Stylocline micropoides 0 0 0 139 0 0 0 0 0 0 
Tamarix ramosissima 0 139 0 0 0 0 0 0 0 0 
Vulpia spp. 1 0 0 0 12 0 33 0 34 0 
Unk-forb 0 139 0 139 0 3333 0 139 0 417 
Unk-monocot 0 0 2 0 0 0 0 0 0 0 
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FIG. 4. Mojave Desert annuals mean (± 1SE) density in A) experimental plots and B) study sites. Watered plots had a 
greater plant density relative to other treatments (F 1, 12  = 11.138, P = 0.005). Plant density data include Schismus 
spp. and Erodium cicutarium, two non-native species. Levels not connected by same letter are significantly different.   
 
Plant Response 
FIG. 3. Sahara mustard mean (± 1SE) density A) in plots under different experimental treatments and B) at the 5 study 
sites. Jumbo1 and Box Car are located in  a wash; Jumbo2 and Six Mile are located in relatively undisturbed desert 
pavement. Govt. Wash has been recently disturbed during construction of a utility powerline. Levels not connected by 
same letter are significantly different.  
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Plant Diversity 
FIG. 5. Mojave Desert winter annuals mean (± 1SE) A) species richness per 1 m2 and B) Shannon’s Diversity Index. C) 
response of Mojave Desert annuals to winter rains and D) Sahara mustard patch. Plant diversity data include Schismus spp. and 
Erodium cicutarium, two non-native species. Levels not connected by same letter are significantly different. 
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